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Abstract 
The purpose of this study was the evaluation of force control during ball throwing in ADHD (Attention Deficit 
Hyperactivity Disorder) children with three different levels of air pressure in the ball. Ten ADHD children (six boys, 
mean age 9.65±1.27 years) and ten healthy children (four boys, mean age 9.93±1.54 years) were recruited in this 
study. Three identical volleyballs with three different degrees of inflation: soft, moderate, and hard were used in this 
study. When the subject heard the signal, he/she had to throw the ball vertically downwards onto a force plate (Kistler 
Instrument Corp, Winterhur, Switzerland) which monitored the vertical ground reaction force with a sample rate of 
1000 Hz. In total, each subject was instructed to throw each ball 10 times. A successful trial was defined as follows: 
the lower edge of the ball had to bounce higher than the acromion level and the upper edge of the ball had to bounce 
lower than the top of the head. Success rate was defined as the ratio of successful trials to total trials. The ADHD 
group showed a significantly lower success rate at throwing hard, moderate, and soft balls than the control group. 
When throwing the hard ball, the ADHD group showed more variable peak vertical ground reaction force (N), 
compared to the control group. The elasticity of the hard ball was higher than that of the moderate and soft ball so 
that it might have been harder to control the force when throwing the hard ball. Therefore, for the ADHD group, the 
performance at throwing hard balls was more variable. It suggests that children with ADHD have a poor ability to 
maintain stable force control performance when throwing balls. Moreover, ADHD-participants showed poor 
performance with low overall success rate when throwing balls. 
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1. Introduction 
Children with attention deficit hyperactivity disorder (ADHD) are identified by specific symptoms of 
persistent inattentive and/or hyperactive–impulsive behaviors [1]. ADHD affects 3 to 5% of school-age 
children in the U.S [2]. In 30-50% of children with ADHD, the symptoms of ADHD persist into 
adulthood [3]. The symptoms of ADHD usually lead to dysfunctional motor coordination [4-5]. Some 
researchers have investigated the subcomponents of manual dexterity, balance, and ball skills, using 
Movement Assessment Battery for Children (MABC) [6]. Interestingly, the children with ADHD were 
found to require greater effort in processing motor skills and their performance was poorer than that of the 
comparison group [7].  
Synergies have been defined as a covariance of forces and moments of force produced at force control 
tasks [8], in such a way that the rate of force production was sensitive to a force variable [9]. Variability 
in performance always occurs in motor movements: some is detrimental variability, and some is 
beneficial variability [10]. Detrimental variability results in very variable performance and large errors in 
motor tasks, whereas beneficial variability, with a low degree of variation, contributes to the maintenance 
of performance and successful outcome [10].   
Force control issues in motor tasks have been investigated in children with ADHD. The hyperactive–
impulsive behaviors found in ADHD symptoms may mean the occurrence of excessive overflow 
movements [11] and the occurrence of more errors on response tests [12]. Furthermore, children with 
ADHD showed greater force output and greater variability in motor outcomes in finger tapping tasks [13]. 
Fine motor performance was related to motor ability [7]. Thus, poor motor skill might result in inaccurate 
motor performance or slowness in finishing motor tasks. Children with ADHD needed to pay more 
attention to fine motor skill performance for a better coordination and smoother hand movements, such as 
writing, drawing and fine arts [14].  
Children with ADHD had great difficulty with fine motor skills and gross motor skills [5] and 
displayed variable force output than the comparison group [13, 15]. The abnormalities in sensory 
processing were found in the children with ADHD [16] that might result in poor motor planning [17]. 
Through clinical observation, it was found that children with ADHD showed poor performance in ball 
skill tasks. Furthermore, the ADHD group got poor score on the task of throwing ball in previous study 
[7].  However, these studies have not investigated force production during ball throwing. In addition, 
previous attempts to evaluate the effect of force output have concentrated on a few limited static tasks. 
Thus, the purpose of this study was to determine the influence of ADHD on force control during ball 
throwing. It is hypothesized that ADHD in children leads to a change in total force production and more 
variable performance during repetitive ball throwing tasks. 
2. Methods 
Ten ADHD children (six boys), with a mean age of 9.65±1.27 years, diagnosed as ADHD by a local 
hospital and without other combined syndromes, were recruited in this study. Ten healthy children (four 
boys, mean age 9.93±1.54 years), without ADHD symptoms or other neuromuscular symptoms, were 
recruited from local schools as the control group. Informed consent, approved by the university ethical 
review committee, was obtained from parents prior to involvement in the study. 
A force plate (Kistler Instrument Corp, Winterhur, Switzerland) with a sample rate of 1000 Hz was 
used to measure the vertical reaction force of thrown balls. Three identical volleyballs with three different 
degrees of inflation: soft (80 hPa), moderate (100 hPa), and hard (200 hPa) were used in this study. The 
ball pressure gauge pointer (Molten, Japan) was used to detect the ball pressure before throwing balls. 
One video camera was used to capture the height of each bounce. 
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Each subject was required to stand facing the force plate and asked to hold the ball with elbow flexion 
at 90 degrees as a starting position. The thumb and other fingers were to be placed on the sides of the ball. 
When the subject heard the alerting signal, he/she had to throw the ball with two hands vertically 
downwards to the force plate (Kistler Instrument Corp, Winterhur, Switzerland) and end of the starting 
position. In total, each subject was instructed to throw the ball 10 times. A successful trial was defined as 
follows: the lower edge of the ball had to bounce higher than the acromion level and the upper edge of the 
ball had to bounce lower than the top of the head. If the ball did not reach the required level or overshot, 
the trial would be recorded as unsuccessful. Success rate was defined as the ratio of successful trials to 
total trials. Afterward, the peak vertical ground reaction force (N) and success rate were analyzed. 
Force plate output data were processed using a Butterworth high-pass filter with a cut-off frequency of 
6 Hz. The standard deviation value of peak vertical ground reaction force (Force variability of P-GRF) of 
all trials was recorded in order to quantify the variability of an individual subject’s force control. Greater 
values represented more variability in force controlling performance. 
Descriptive statistics was used to describe the mean and standard deviation of force variability and 
success rate in both groups. The statistical significance for ground reaction force variable and success rate 
were calculated using a mixed design of variance analysis with repeated measure factors of Task (three 
conditions) and independent measure factors of Group (two groups). Logarithmic transformations were 
imposed on all dependent variables to reduce the variability and general positive skew of the data. 
Furthermore, pair-wise comparison was employed to compare the differences in the means among hard 
ball, moderate, and soft ball, respectively. All analyses were performed using SPSS 17.0 software (SPSS 
Inc.). Results were considered statistically significant when the p-value was less than 0.05. 
3. Results 
The ADHD group showed a significantly lower success rate when throwing hard, moderate, and soft 
balls than the control group (90%, 74%, 69% in control group; 75%, 60%, 49% in ADHD group, 
respectively, Table 1). The univariate outcomes of the 2 (Group) × 3 (Task) mixed design ANOVA for 
success rate in throwing differently inflated balls are illustrated in Table 2. Significant main effects were 
found for Group and Task, respectively (p=.00; p=.01, respectively, Table 2). However, there was no 
significant interaction effect between Task and Group (p=.44, Table 2).  
Further, post hoc pair-wise comparisons of the main effects of Task were performed across the 
marginal means. In the ADHD group, the success rate at throwing the hard ball was significantly greater 
than the soft ball (p=.02, Table 3). The greatest success rate at throwing the hard ball was found in the 
control group, compared to throwing the moderate ball (p=.00, Table 3) and soft ball (p=.00, Table 3).  
When throwing the hard ball, the ADHD group showed more variable vertical force output, compared 
to the control group (Table 1). The univariate outcomes of the 2 (Group) × 3 (Task) mixed design 
ANOVA for vertical force output are illustrated in Table 2. Significant main effect was found for Group 
(p=.04, Table 2); however, no significant main effects were found for Task (p=.18, Table 2). Also, there 
was significant interaction effect between Task and Group in throwing balls (p=.04, Table 2).  
4. Discussion  
The study examined force control issues for children with ADHD when throwing balls inflated to 
different levels. This study used hard, moderate, and soft balls to investigate whether variability of force 
output was related to the presence or absence of ADHD. The outcome of this study suggested that the 
ADHD group experienced significantly more variable force output as compared to the control group. In 
total, these findings may offer some explanation of inconsistencies in sensory processing on ball skills 
Ying-Yi Chen et al / Procedia Engineering 13 (2011) 328–333 331
with children with ADHD. In clinic rehabilitation, it suggests that therapists should train the gross motor 
on force control in order to stimulate tactile system. A greater level of consistency in sensory processing 
will lead to an effective interaction between the individual’s development and the environment. 
Table 1. Descriptive statistics for success rate and force variability across groups (mean value with standard deviation in 
parentheses) 
  ADHD control 
Success rate Hard ball 0.75 (0.17) 0.90 (0.10) 
 Moderate ball 0.60 (0.20) 0.74 (0.16) 
 Soft ball 0.49 (0.20) 0.69 (0.12) 
    
Force variability (N) Hard ball 102.60 (57.97) 57.68 (14.56) 
 Moderate ball 71.51 (28.22) 62.64 (13.96) 
 Soft ball 62.28 (13.90) 67.20 (17.61) 
Table 2. Statistical significance for repeated measurement ANOVA 
  F P 
Success rate Task * Group .61 .44 
 Task 26.52 .00** 
 Group 9.38 .01* 
    
Force variability (N) Task * Group 5.23 .04* 
 Task 1.99 .18 
 Group 4.7 .04* 
* denotes p value < 0.05; ** denotes p value < 0.01 
Table 3. Pairwise comparison across the marginal means on success rate. 
   P-value 
   ADHD Control 
Success rate Hard Moderate .16 .00** 
 Hard Soft .02* .00** 
 Moderate Soft .10 .28 
* denotes p value < 0.05; ** denotes p value < 0.01 
4.1. Group difference in response to force control  
This study examined the difference in gross motor performance between the ADHD group and the 
control group. Children with ADHD differed from the control group in the success rate when throwing 
different balls. Compared to the control group, the ADHD group displayed significantly poorer 
performance when throwing balls. Also, the ADHD group showed more variable force output when 
throwing balls. In a previous fine motor task, the ADHD group displayed a large variability in 
performance, while the comparison group produced a consistent force output [13, 15]. Researchers 
332  Ying-Yi Chen et al / Procedia Engineering 13 (2011) 328–333
suggested that the symptoms of ADHD may be associated with motor dysfunction, leading to 
inconsistency in force programming and resulting in greater variability of motor outcome [13]. A similar 
outcome on gross motor task was also found in this study. Moreover, most children with ADHD showed 
abnormalities in sensory processing [16] that resulted in poor motor planning [17]. The abnormalities in 
motor planning when throwing balls resulted in higher force variability in children with ADHD than in 
the comparison group. Furthermore, the symptom of hyperactive–impulsive behavior in ADHD may be 
associated with excessive overflow movements [11], which suggests that children with ADHD have a 
poor ability to maintain stable force performance when throwing balls. Moreover, the symptoms of 
ADHD led children to make more errors on response tests [12]. A similar result was also found in this 
study. The ADHD group had a poorer performance with a lower success rate when throwing balls. 
4.2. Task difference in response to force control  
This study investigated three different tasks in ball throwing: throwing a hard ball, moderate ball, and 
soft ball, in order to examine task effect on motor performance. The hard ball had a higher elasticity; 
while the soft ball had a lower elasticity. Thus, a comparison was made among three different tasks. 
Interestingly, the results showed a significant main effect of Task factor on success rate (Table 2). The 
success rate in throwing soft balls was the lowest, while the highest success rate was achieved for both 
groups when throwing the hard ball (Table 1). The results demonstrated that throwing the hard ball was 
the easiest, whereas throwing the soft ball was the most difficult for both groups. We considered that the 
elasticity of the soft ball was the lowest of the balls so that it might have been hard to reach the target 
level, rather than vice versa.  
With regard to force variability, a significant interaction was noted between the Task and the Group 
(Table 2). The force variability when throwing different balls varies for different groups. The higher 
elasticity of the hard ball causes it to rebound easily so the ability to control force is important. It was 
observed that children with symptoms of ADHD struggled to control their force output [13] so that they 
were unable to keep their force output consistent and therefore showed greater force variability than the 
control group with the hard ball. However, when throwing the soft ball, more total force output is 
required due to the lower elasticity. In our observations, the control group showed the highest force 
variability when throwing the soft ball, compared to throwing the hard ball or moderate ball. This 
suggests that it might be hard for the control group to maintain consistent force output when throwing the 
soft ball as compared to the hard ball.  
Generally speaking, the range of force variability was smaller in the control group (from 57.68 N with 
hard ball to 67.20 N with soft ball) than the ADHD group (from 102.60 N with hard ball to 62.28N with 
soft ball). Compared to the ADHD group, the comparison group showed less variable performance with 
the different tasks. This suggests that the control group had the ability to maintain consistent force output 
with different tasks. However, the most variable performance was shown by the ADHD group with the 
different tasks. We consider that ADHD-participants suffer a deficit in sensory processing [16] and motor 
planning [17] so that they might struggle to control appropriate force output with the different tasks, 
especially when throwing the hard ball.  
5. Conclusion  
The findings in this study offer some explanation of force control in gross motor tasks. The success 
rate was the lowest when throwing soft balls, but the highest for both groups when throwing hard balls. 
This suggests that throwing the hard ball was easier, whereas throwing the soft ball was difficult for both 
groups. Moreover, the success rate at ball-throwing was lower in the ADHD group, compared to the 
Ying-Yi Chen et al / Procedia Engineering 13 (2011) 328–333 333
control group. This finding tells us that ADHD-participants presented poor performance on gross motor 
tasks. Also, the elasticity of the hard ball was the highest so that it required force controlling ability, while 
the elasticity of the soft ball was lowest so that it required sufficient force output. In this study, the non-
ADHD children could maintain consistency in force control, while the ADHD group displayed greater 
force variability when throwing the hard ball. This suggests that ADHD-participants had a poorer ability 
to maintain stable force control performance.  
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